ABSTRACT
INTRODUCTION
The 1,8-naphthyridine, benzimidazole and 1,3,4-oxadiazole scaffolds ( Fig.1) are some of the basic skeletons occur in the broad range of bioactive molecules. These heterocyclic motifs are useful in a variety of pharmaceutical and chemical fields. In particular, the 1,8-naphthyridine and its derivatives have gained great importance in biological activities such as antibacterial 1 , anticonvulsant 2 , anti-HIV 3 , antioxidant 4 , antihypertensive 5 , anti-inflammatory 6 and antitumor 7 . Similarly, benzimidazole and 1,3,4-oxadiazoles exhibited a fascinating array of biological significances like antimicrobial 8, 9 , analgesic 10, 11 , anticancer 12, 13 and anti-tubercular activities. 14, 15 In the past decade, a number of drugs bearing amide moiety were found to possess antimicrobial activity. For example, penicillins and cephalosporins are known for the effective treatment of various infectious diseases. These antibacterials have cyclic amide and acetamide moieties under the class of β-lactam. Recently, medicinal chemists have identified the Teixobactin (cyclic undecapeptide) and its analogs that possess a new hope for antibiotic activity, which acts against only Gram-positive bacteria such as MRSA 16 . The growing of resistance power to antimicrobial agents has indicated to the failure for the medicine of some bacterial and fungal infections. Therefore, there is a rapid emergence for the development of novel effective antibiotics with good selectivity in opposition to the infections and an advance for the medical future. Researchers have tried to develop a combination of various heterocyclic motifs into a single molecular scaffold for highly efficacious. In recent years, an amalgamation of various benzimidazole or 1,3,4-
oxadiazole motifs on merging with acetamides into one core structure via a sulfur linkage has reported with a view of biological aspects. [17] [18] [19] Fig 
EXPERIMENTAL

General Information
All reagents were used as purchased from commercial sources. The IR spectra were measured by employing the KBr pellets on a Shimadzu FT-IR spectrometer and stated in cm -1 . NMR spectra were obtained on Bruker spectrometer operating at 400 and 300 MHz for 1 H NMR, and 100 MHz for 13 C NMR, utilizing solvent is DMSO-d6 or CDCl3. The chemical shifts are reported in δ-ppm scale and the downfield from TMS. The J-values are given Hertz (Hz). Elemental analyses were reported by using an Elementar Vario Micro Cube analyzer. MS determinations were conducted by the ESI method on waters Alliance mass spectroscopic instrument. All melting points are uncorrected. The reactions and purity were checked by pre-coated TLC plates (silica gel 60F254, Merck) and spots visualized under UV irradiation.
Synthesis of 2-chloro-N-(2-phenyl-1,8-naphthyridine-3-yl)acetamide (2)
A solution of 2-phenyl-1,8-naphthyridine-3-amine (1) (5 mmol) and triethylamine (7.5 mmol) in dry DMF (30 mL) was cooled to 0°C. To this solution, chloroacetyl chloride (7.5 mmol) was added portionwise and the mixture was stirred at R.T. for 5 hours (monitored by TLC). After that, the content was slowly poured on to stirred ice-cold water (50 mL) and the product was taken up inEtOAc (2x50 mL). The organic extracts were successively washed with saturated NaHCO3 and water, dried (Na2SO4), filtered and evaporated. Purification by column chromatography (SiO2, ethyl acetate/hexane, 2:8) afforded the required compound (2).
Synthesis of 2-[(5-substituted-1,3,4-oxadiazol-2-yl)thio]-N-(2-phenyl-1,8-naphthyridine-3-yl)acetamide (3a-e)
Compound 2 (2 mmol), anhydrous K2CO3 (2 mmol) were taken in dry acetone (20 mL) and added to this a solution of an appropriate 1,3,4-oxadiazole-2-thiols (2 mmol) in dry acetone(10 mL). The obtained mixture was stirred at R.T. for 8 hours (monitored by TLC) and it was filtered. The filtrate was concentrated under vacuum and ice-cold water (20 mL) is added and stirred for 20 minutes. The formed precipitate was filtered, dried and purification by column chromatography (SiO2, ethyl acetate/hexane,5:95) to acquire the title compounds (3a-e).
Synthesis of 2-[substituted-(1H-benzo[d]imidazol-2-yl)thio]-N-(2-phenyl-1,8-naphthyridine-3-yl)acetamide (4a-e)
To a mixture of compound 2 (2 mmol), substituted benzimidazole-2-thiols (2 mmol) and anhydrous K2CO3 (2mmol) in dry acetone (30 mL) were stirred at R.T. for 8 hours (monitored by TLC). After this time, the solvent was removed under vacuum and the residue stirred for 20 minutes in ice-cold water. The precipitate was filtered, dried and purification by column chromatography (SiO2, hexane/EtOAc, 95:5) to get the titlecompounds (4a-e). 5-(4-nitrophenyl)-1,3,4-oxadiazol-2-yl)thio]-N-(2-phenyl-1,8-naphthyridin-3-yl) N-(2-phenyl-1,8-naphthyridin-3-yl) N-(2-phenyl-1,8-naphthyridin-3-yl) 
2-[(
2-[(1H-benzo[d]imidazol-2-yl)thio]-
2-[(5-chloro-1H-benzo[d]imidazol-2-yl)thio]-
RESULTS AND DISCUSSION
The synthetic route for the hybrid compounds of 1,8-naphthyridine based benzimidazoles(3a-e) and/or oxadiazoles(4a-e)were outlined in Scheme-1. The required intermediate 2-chloro-N-(2-phenyl-1,8-naphthyridine-3-yl)acetamide (2) was afforded by chloroacetylation reaction between the 2-phenyl-1,8-naphthyridine-3-amine (1) andchloroacetyl chloride under basic conditions. Interestingly, we found that DMF would enhance the rate of reaction while the TEA could promote the amide product (2) and these optimized conditions were listed in the Table-1. Further, this moiety (2) was treated with various oxadiazole-2-thiols or benzimidazole-2-thiols in presence of potassium carbonate as a scavenger under mild conditions to give final compounds (3a-e and 4a-e). In this step, the base favors the thiol form, which is susceptible to nucleophilic substitution reaction. The structures of all the synthesized compounds were confirmed by IR, 1 H-NMR, 13 C-NMR and EI-MS spectral and elemental data analysis. The physical data of synthesized compounds were illustrated in Table-2 . In IR spectra, compounds 2, 3a-e and 4a-ewere showed the significant stretching frequencies of amide carbonyl groups at the region of 1692-1666 cm -1 . The -NH band of amide function was observed at the region of 3359-3205 cm -1 andthe -CH2-S-band of the final compounds was witnessed in the area of 740-727 cm -1 . In 1 H NMR spectra of compounds (2, 3a-e and 4a-e), the amide -NH proton appeared at the zone of 7.85-10.77 ppm and the -NH proton of benzimidazole nucleus (4a-e) was founded at the region of 12.15-12.22 ppm in the form of singlets. The characteristic methylene (CH2) protons were apparent at 3.29-4.30 ppm region as a singlet. These methylene protons provide an evidence for the generation of -CH2-S-linkage in titled compounds. Conversely, this singlet unambiguously shifted from 4.30 ppm in compound 2 to 3.29-3.85 ppm in compounds 3a-e and 4a-e in final compounds. In 13 C NMR spectra, the carbonyl function of the synthesized compounds resonated at 165.46-168.85 ppm and methylene (CH2) carbon appeared at 34.30-42.83 ppm. The remaining signals were observed at their expected region. In mass spectra, all the compounds furnished the corresponding molecular ion peaks, which were matched with the calculated molecular weight, respectively. 
Antibacterial Activity
To determine the in vitro antibacterial activity of the final analogs3a-e and 4a-ewere screened against the selected Gram-positive bacteria strain like S.aureus and E.Faecalis and the selected Gram-negative bacteria strain like E.coli and P.aeruginosa. This activity was resolved to make the use of disk diffusion method at 20 µg/mL and 40 µg/mL concentrations in DMSO as a solvent. The investigation results were compared with ciprofloxacin utilized as a standard drug and zone of inhibition was expressed in terms of mm. In all the screening compounds, 3b, 3d and 4d were exhibited outstanding antibacterial activity against microorganisms. However, the remaining screened compounds were demonstrated moderate to weak activity than the reference drug. So, the final compounds with a different substituent on rings and the minimum inhibition zone diameter results can be seen in Table-3. 
